Hereditary breast and ovarian cancer (HBOC) syndrome and hereditary nonpolyposis colon cancer (HNPCC) syndrome are the two most important syndromes responsible for inherited cancers in gynaecology. Genetic testing is available for both these syndromes. BRCA testing is affordable and easy in patients with ancestry where the mutation patterns are known, other population groups need full gene screening. HNPCC can now be diagnosed more frequently with the use of immunohistochemistry.
INTRODUCTION
Female lower genital tract cancers are strongly linked to infection with carcinogenic papilloma viruses. Cancers of the upper genital tract are linked to different risk factors, of which family history of related cancers or genetic risk is the strongest independent predictor. Between 5 and 15% of ovarian and uterine cancer cases are directly attributable to inherited mutations in high penetrance cancer predisposition genes [1] .
If genetic risk factors are recognized and correctly managed, the chance of the individual to develop and die from cancer should be lowered. The identification of genetic risk depends strongly on obtaining and correctly interpreting the family history. In addition to an excess of cancer cases in the family history, certain disease phenotypes indicate that malignancy may have developed due to an inherited disorder. Examples include bilateral or triple negative breast cancer, synchronous uterine and ovarian cancer and bilateral breast cancer.
Risk reduction must include both strategies to improve cancer survival by early detection (generally this equal intensified screening and the down-staging of cancer) and strategies to prevent the development of cancer (prophylactic medical and surgical measures or primary prevention) [2, 3] . It is very uncommon to diagnose cancer precursor disease in the upper tract, therefore secondary prevention usually does not apply.
It is not possible to discuss screening for women with inherited cancer predisposition without also addressing the other risk reducing strategies [4] . While the focus will be on screening for gynaecologic cancers in this review, other risk reducing measures will also be discussed briefly.
Breast cancer is an important part of cancer syndromes related to gynaecologic cancer. Breast cancer diagnosis in the family or patient as a significant marker of genetic risk for gynaecologic cancer will be addressed. Reduction of breast cancer risk is an important aim for these patients and chapter 12 is dedicated to breast screening.
IDENTIFICATION OF POSSIBLE GENETIC PREDISPOSITION
The diagnosis and management of families and individuals with cancer predisposition syndromes are complicated. Detailed knowledge and understanding of clinical genetics, gynaecology and psychology as well as experience in counselling, cancer risk evaluation, prevention and screening techniques are all essential. Management by a multi-disciplinary team skilled in all these mentioned aspects is highly recommended [4] .
On the other hand it is acknowledged that these families and patients are often recognised and treated appropriately at generalist level by well-informed health care workers. Specialist genetic counselling services are not widely available in all parts of the world and when available it is often limited to large centres. Genetic testing is unaffordable for most people in the world. All gynaecologists should have at least basic knowledge of the related cancer syndromes and of cancer risk management strategies. Diagnostic options should include genetic testing as well as probability diagnosis and risk assessment.
CANCER SYNDROMES
Cancer is by nature a disease of accumulated genetic abnormality in the cells.
The genes most often mutated in cancer cells are those responsible for the regulation of cell growth and division. Some of these genes are also commonly involved in the inherited cancer syndromes, and then mutated in all germ line cells. Many scarce genetic disorders may increase cancer risk, but the two important syndromes responsible for the majority of inherited cancers in the gynaecologic organs are:
 Hereditary breast and ovarian cancer (HBOC) syndrome, including sitespecific ovarian cancer syndrome (SSOC); and  Hereditary non-polyposis colon cancer (HNPCC) syndrome, also named Lynch syndrome (LS).
Hereditary breast and ovarian cancer syndrome
Genetic mutations in the BRCA1 (chromosome 17p) and BRCA2 (chromosome 13q) genes are found in the large majority of families (around 85% depending on the criteria used) with a pattern of inherited cancer of the breast and/or ovaries [5, 6] . Both these high-penetrance genes encode for tumour suppressor proteins and more than 1200 different mutations have been described in each large gene [5, 6, 7, 8] . Mutations will inactivate the protein product partially, leading to increased susceptibility to endogenous and exogenous carcinogens [7] .
Mutation patterns are strongly population specific and inheritance is autosomal dominant with varying penetrance of disease. The prevalence of BRCA mutations differs per population group and many groups display a founder effect, enabling cheaper meaningful gene testing [9, 10] .
The BRCA genes do not explain all families with HBOC or SSOC syndrome and it seems more than likely that other genes, hitherto unidentified, are also important. [11] Specifically families displaying an excess of breast cancer only, will often not harbour a BRCA mutation [10] . The other involved genetic factors may be recessive (as suggested by the excess in sibling compared to offspring risk), or may be dominant but with a smaller penetrance than the BRCA genes [12] .
Hereditary non-polyposis colon cancer syndrome
This syndrome, originally named Lynch syndrome, is caused by autosomal dominantly inherited germline mutation in one of the genes involved in the DNA mismatch repair (MMR) pathway [13] . The three most common genes involved are MLH1, MSH2 and MSH6 and mutations predispose mainly to gastro-intestinal (colorectal, stomach, small bowel, pancreas), uro-gynaecologic (renal, endometrial, ovarian) and brain cancer [13] .
Importantly, in women from these families, the most common cancer is endometrial cancer (usually reported as "uterine") followed by colorectal cancer [14, 15, 16, 17] . Mutations in these genes also explain about 10% of families with a pattern of inherited ovarian cancer [18, 19] 
MARKERS OF GENETIC PREDISPOSITION

FAMILY HISTORY
Basic questions about the family history of related cancer will detect the majority of families who harbour a mutation in one of the high prevalence cancer predisposition genes. Family history remains the backbone of risk calculation to determine the appropriateness of gene testing and estimate the probability of an inherited susceptibility. The total incidence of related cancers are taken into account and the occurrence of more unusual disease phenotypes will add more to the calculated risk of genetic predisposition.
In this way, the diagnosis of ovarian cancer, being a less common neoplasm, is a stronger predictor of mutation in the family than breast cancer [20] . Breast cancer diagnosed before the age of 40 years, in multiple family members or bilaterally is also more predictive of HBOC syndrome [11] .
Male breast cancer is another important marker for HBOC families. The chance for BRCA2 mutation in an unselected male breast cancer patient (without a family history) is estimated between 5 and 20% and BRCA1 may also cause the disease [21, 22] . Any male breast cancer patient with a family history of breast and/ or ovarian cancer has a risk for BRCA mutation of more than 50%. It is in the interest of family members to refer all male breast cancer patients for genetic counselling and testing where available and BRCA2 should be the first gene to test [23] .
The important diagnostic markers of HBOC families are listed in Table I . Lynch syndrome is greatly underdiagnosed, as it is difficult to suspect on family history alone and genetic testing is not widely available. The Amsterdam criteria were devised to identify families at risk to have hereditary nonpolyposis colorectal carcinoma [16] . These criteria required colorectal or associated cancers in three first-degree relatives, in two successive generations and at least once diagnosed under the age of 50 years [16] . It is now known that if these "strict" criteria are used as sole indication for testing, the majority of families will go undetected.
DISEASE HISTORY
Often inherited cancer susceptibility is only suspected at the time of cancer diagnosis or shortly thereafter. For the patient and clinicians involved in this complex situation the double diagnosis is difficult to deal with and the clinical implications not always fully explored. Therapeutic and prophylactic measures can have survival benefit for these patients and the diagnosis of hereditary cancer predisposition often has great predictive value for family members.
The familial pattern of disease can become apparent only after another new cancer diagnosis is made, but also certain disease patterns or "phenotypes" are associated with a much higher risk of inherited genetic risk [24] . These unusual phenotypes indicate exploration of genetic risk even in the absence of a strong family history.
Hereditary breast and ovarian cancer
The risk for BRCA mutation is between 7 and 18% in unselected ovarian cancer patients (without a family history) and about 14% of all cases are attributed to BRCA mutations in the United States [20] . Some authorities now recommend BRCA mutation testing for all women diagnosed with ovarian cancer [25, 20] . Mutations are even more common among young patients and those with a family history. Referral for genetic counseling and testing should preferably be discussed early in the disease process in view of the poor prognosis of the disease and presents an effective way to diagnose inheritance and to detect healthy carriers (Table II ) [1, 20] . Certain breast cancer phenotypes can also be used to suspect and diagnose BRCA mutations. Mutations are more common among women with early onset breast cancer, triple negative cancer and bilateral breast cancer [26] . The value of detecting BRCA mutation in a woman with newly diagnosed breast cancer, include the opportunity to discuss and offer more aggressive primary surgical treatment, simultaneous prophylactic contralateral breast surgery (and reconstruction), extra targeted chemo-therapy options (PARB-B) and early prophylactic oophorectomy as ablative therapy and ovarian cancer prevention [27] .
Hereditary non-polyposis colon cancer
The so-called "strict Amsterdam criteria" (discussed above) may be too strict to diagnose the majority of families with a mutation in the mismatch repair genes. Due to this low sensitivity, testing is now recommended for a larger group of patients, including those identified on tumour or disease history [28, 29] .
The Bethesda guidelines (published in 1996 and updated in 2002) outlined patient population groups that qualify for gene testing [29] . The guidelines recommend testing for the genes associated with HNPCC in women with endometrial cancer before the age of 45 years (12 to 25% of these cancers will be attributable to Lynch syndrome [30, 31] and with synchronous endometrial and ovarian cancer. The age cutoff should be higher in endometrial cancer patients with any family history of HNPCC associated cancer [32] . Primary endometrial or ovarian cancer after previous colorectal cancer should always be investigated or considered HNPCC cases if gene testing is not available.
Immunohistochemical staining for the three MMR proteins in the tumour material of suspected cases can be used as a screening test. Absent or poor staining can be followed by testing for micro-satellite instability or by genetic testing [33] . Alternatively these cases can be considered positive for Lynch syndrome [34] if promoter methylation of MLH1 is excluded. Using these selection criteria, Lynch syndrome will be detected in 12% to 14% of the targeted patients [34] and most families will not fulfill the Amsterdam criteria.
GENETIC DIAGNOSIS
The confirmation and accurate diagnosis of inherited susceptibility depend on the availability of reliable and affordable genetic tests. Genetic testing is generally considered indicated if the chance for finding a mutation is "reasonable", typically quoted as more than 10%. Scoring systems have been developed to estimate this chance, including the Manchester scoring system [19] . In a recent review of the various models and scoring systems available for these purposes they were found not to have a high discriminatory accuracy [7] .
When genetic testing is unavailable, not affordable or declined, cancer risk evaluation solely on the basis of the family history is also possible and can be done using published tables. The individual"s personal risk profile is also taken into account. The Claus model allows for an estimated lifetime breast cancer risk as high as 45%, based on the assumption that the family has a mutation [27] , while the Gail model takes the epidemiological risk factors into account as well [35] .
GENETIC COUNSELLING
Genetic testing is only ethical and useful if combined with counselling and implementation of risk-management strategies. The aims of genetic counselling are listed in table III. Pre-requisites for genetic testing and the content of the counselling conversation were developed by clinical genetics specialists [27] and is summarised in Table  IV . The condition 
TYPE OF GENETIC TEST
Genetic testing for germline mutations far outperforms any other risk estimate [36] and is usually done on a peripheral blood sample on DNA extracted from leucocyte nuclei. It is most useful and cost effective to begin testing in a family with an individual who was diagnosed with cancer. Once the mutation in the family is identified, further testing is easy and inexpensive, as it is limited to a single mutation. Predictive testing can then be offered to family members without a personal cancer history.
In certain population groups founder mutations are present. These groups are characterised by a small ancestral group and genetic mutations tend to occur more frequently. Analysis may be limited to the frequently occurring mutations, which is more cost effective. In individuals or populations where founder mutations are not known to occur, the only useful testing is full screening of all the suspected genes.
Immunohistochemistry offers indirect genetic testing (in tumour tissue) by targeting the protein product of the gene as discussed above.
INTERPRETATION OF TEST RESULT
Three types of genetic results can be received. Firstly, the patient can test positive for a genetic mutation, implying inherited cancer susceptibility. The risk to develop cancer is predicted according to the mutated gene as well as the family history. (Table V) Secondly, the tested individual can test negative for the genetic mutation and therefore has only the normal population background risk (or lower than that) to develop the relevant cancer. This interpretation can only be made when the specific genetic mutation in the family is known.
Thirdly, the test can be uninformative. In these cases the genetic mutation responsible for the increased cancer risk in the family (or individual) is not found or known, and the requested genetic test is negative. The existence of a genetic mutation in the known or unknown cancer genes that were not included in the test cannot be excluded and inherited susceptibility remains a possibility. A simple family history of ovarian cancer will increase the risk for the same disease three to four times, while endometrial cancer risk is increased by around two times according to existing literature [37, 38] . On the other hand, testing positive for a cancer predisposing genetic mutation can confer extremely high risks for both ovarian cancer and endometrial cancer. It is important to estimate the individual risk as accurately as possible.
Strategies to prevent death from inherited cancer
Earlier diagnosis or screening for cancer Prevent cancer recurrence Prevent the development of a second primary cancer Ipsilateral or contralateral breast Ovarian cancer Uterine cancer Colon cancer Strategies to prevent cancer diagnosis Lifestyle adaptations Exercise, diet Addressing obesity Hormonal changes or chemoprevention Endogenous Exogenous Anti-hormones and hormone receptor blockade Removal of target tissue
Hereditary breast and ovarian cancer syndromes
Genetic mutation in the BRCA genes causes mainly breast, ovarian, fallopian tube and primary peritoneal cancer in women. The incidence of these diseases in mutation carriers is called penetrance. Different groups have reported widely varying penetrance in selected subgroups.
Epithelial ovarian cancer
Generally, the standardized incidence ratio for ovarian cancer in BRCA mutation positive women is around 10 if there is a first degree relative with the similar cancer and only slightly lower if not [39, 40, 41] . In carriers of BRCA mutation with ovarian cancer in the family history, the estimated lifetime risk for ovarian cancer is estimated between 30% (for BRCA2) and 44-63% (for BRCA1) [42] . While earlier studies reported ovarian cancer mainly in BRCA1 families, some newer studies report similar penetrance and even similar mean ages for ovarian cancer in BRCA1 and BRCA2 families [23] . About 75% of ovarian cancer occurring in BRCA mutation positive women have papillary serous histology. [43] Women with ovaries and known to have a BRCA mutation has about a 20% chance to be diagnosed with ovarian cancer in the first nine years of follow up (depending on age at genetic diagnosis). The mean age at diagnosis is reported around 50 years, but ranges from 30 years to 73 years [44, 45] .
The risk to develop ovarian cancer within ten years after the diagnosis of breast cancer in women with a BRCA mutation was studied and reported as 12.7% and 6.7% respectively for BRCA1 and BRCA2 mutation carriers. In this study subsequent ovarian cancer was responsible for 25% of deaths of stage I breast cancer patients [46] . These two groups are obviously important target groups for risk reduction strategies.
At the time of prophylactic removal, ovarian pathology in mutation positive women is often suspected and described as pre-malignant or early malignant changes [47] . There is no consensus on the relevance of these findings which are currently not very reproducible. One large collaborative study detected six cases (2.3%) of stage I invasive ovarian cancer among 259 BRCA mutated women undergoing prophylactic removal [44] .
Primary peritoneal cancer
This disease almost invariably has papillary serous histology and more than 10% of cases are explained by germline BRCA mutations [48] . The malignancy is mostly but not completely prevented by prophylactic BSO [49, 44] and not amenable for screening.
Fallopian tube cancer
Ovarian cancer is thought by many to often originate from the Fallopian tube epithelium and the incidence of primary fallopian tube cancer is not known. [50] In a large analysis of the cancer history of 700 BRCA1 European and North American families, fallopian tube cancer was reported 50 times more in BRCA1 mutation carriers than expected in the general population [51] .
Several case reports have been published of patients with either BRCA1 or BRCA2 germline mutations developing tubal cancer [52, 53] . In addition some molecular evidence links fallopian tube cancer convincingly to HBOC syndrome [54] . Any ovarian cancer risk reduction programme should therefore take the accompanying risk for fallopian tube cancer into account. Fallopian tube cancer is now considered part of the HBOC syndrome.
Uterine cancer
Uterine body and endometrial cancer risk among women with BRCA mutations is difficult to estimate and most information is derived from family history offered by probands. In most studies the family members of mutation positive women reported a significantly higher incidence of uterine cancer than the probands of mutation negative women [10] . One large study based on family history of 11 000 women, reports the risk for uterine cancer as 2.65 times the background population risk [51] Although many case reports of uterine and uterine papillary serous carcinoma (UPSC) in mutation positive women have been published and women diagnosed with UPSC seem to have a family history suggestive of HBOC more often than expected [55] , the risk in genetically predisposed women to develop these cancers seem relatively low. In addition BRCA mutations probably explain only a small proportion of uterine serous papillary cancers [56] .
Cervical cancer risk
Various authors report an increased incidence of cervical cancer in BRCA mutation positive women. The relative risk is reported between 3 and 5 and described as a mild to moderately increased risk [57, 51] . Interaction or not with human papilloma virus is unknown.
Hereditary non-polyposis colon cancer syndrome
Inherited mutations in the MMR genes are responsible for this syndrome and are shown to be present in about 2% of all colorectal cancer cases. At the same time about 2% of all ovarian cases [58] and as high as 8% of young endometrial cancer cases are explained by such germline mutations. [30] .
Endometrial cancer
While historically most families were identified due to a high prevalence of colorectal cancer, it is now known that female carriers of mutations in the causative genes have a higher risk for endometrial cancer than for gastrointestinal cancer [59, 60] .
Similar to other clinical cancer syndromes, the risk for gynaecological cancer relates to the specific gene involved. Women with a mutated hMLH1 or hMSH2 gene have the highest lifetime risks for endometrial cancer, namely between 40 and 70% [59] .
Ovarian cancer
Genetic mutations in the MMR genes are frequently associated with either mucinous or endometrioid carcinoma [61, 62] and also with synchronous endometrial and ovarian cancer.
Women with a mutated MSH2 gene also have the highest risk for ovarian cancer, possibly as high as 20% [59] .
Other gynaecologic cancer
The risk for other gynaecologic cancers has not been studied extensively, but does not seem increased in the HNPCC syndrome.
Other cancer syndromes
Not all familial clustering of endometrial or ovarian cancer is explained by the two syndromes discussed above. However these syndromes do explain almost all multi-case families, making other high-penetrance genes very unlikely [12] .
Cowden syndrome is caused by germline mutation in the PTEN gene and is known to increase endometrial cancer risk. This risk has not been quantified sufficiently 63, 64] , but certainly warrants endometrial cancer screening.
NON-GYNAECOLOGIC CANCER RISK
Hereditary breast and ovarian cancer syndrome
Breast cancer remains the most common disease in female BRCA mutation carriers. The earlier development of breast cancer in affected individuals can also modify the risk of ovarian and other related cancers. A confirmed inherited BRCA mutation in a female is estimated to translate into a lifetime breast cancer risk of 70 -90%, higher if the family history is strong [62] .
Some cancer incidence studies have found a significantly increased risk for a variety of other cancers, including stomach, pancreatic and melanoma [10] . Differences between the results suggest population and mutation specificity. Usually increased surveillance is not recommended.
Hereditary non-polyposis colon cancer syndrome
Mutations in the MMR genes are estimated to be responsible for up to 7% of all colon cancers [33] . The estimated lifetime colorectal cancer risk varies between 48% (MLH2 mutation carriers) and 12% (MSH6 mutation carriers). [59] and the mean age at diagnosis is 10 to 15 years earlier than in the general population.(61)
Cowden syndrome
This rare genetic disorder was recently demonstrated to dramatically increase colorectal cancer risk (even by 200 times) via the development of numerous initially benign polyps. Gastric cancer and thyroid cancer are also associated. [63, 64] 
Li Fraumeni
Li-Fraumeni syndrome is a rare disorder caused by germline mutation in the p53 or CHK2 genes that greatly increases the risk of developing several types of cancer, particularly in children and young adults. Soft tissue sarcomas, leukemia, brain and breast cancer are among the commonest cancers.
SCREENING FOR EPITHELIAL OVARIAN AND RELATED CANCERS
Ovarian cancer screening is currently usually based upon serum markers followed by imaging in those with abnormal values. Current strategies lack in specificity and have low positive predictive values [65, 66] . This translates into many diagnostic surgeries for benign disorders. In addition ovarian cancer screening has not been demonstrated convincingly to improve outcomes when compared to detection due to symptoms. In many patients screen-detected cancer is already in stage III and screening failed to down-stage the disease [67] .
To improve this performance, new sero-markers will be needed that has a longer lead-time [68] . Blood levels of current markers only increase less than a year before symptoms [31] Also, improved imaging must lead to less diagnostic operations for benign disease. One option is to add sonographic measurement of ovarian volume and use normal values adjusted for age [10] . Three-dimensional power Doppler evaluation may also aide diagnostic accuracy [69] .
Screening for ovarian cancer cannot prevent disease at all, will not detect fallopian tube or peritoneal carcinoma early and for the reasons stated above, it is seriously doubted whether it will really improve survival significantly in women at very high risk for the disease.
Hereditary breast and ovarian cancer syndrome
In women with HBOC known or suspected to have a disease causing BRCA mutation, ovarian cancer screening offers a temporary alternative to surgical removal of the ovaries. It should be offered to those women who do not yet want prophylactic surgery or who are still in their child-bearing years.
Current guidelines suggest four to six monthly Ca125 testing, followed by transvaginal sonographic evaluation at least once per year or when the sero-marker is raised [70] . This regimen can be offered to all mutation positive women over 30 years of age, although it will not be cost-effective for women younger than 35 years. Women over the age of 40 years should be strongly motivated to undergo risk-reducing prophylactic salpingo-oophorectomy rather than continued ovarian screening [42] .
BRCA positive breast cancer survivors should also be counselled and motivated for prophylactic surgery as the mortality due to ovarian cancer in these patients is high and preventable [71, 72] .
Hereditary non-polyposis colon cancer syndrome
Women known to have a MSH2 mutation have an estimated lifetime risk of around 20% by age 70 years. These women should ideally undergo preventive oophorectomy as soon as is possible. When accurate ovarian cancer assessment is not possible, all family members should be regarded as positive.
SCREENING FOR UTERINE CANCER
Uterine endometrial cancer can be detected in early stages using either transvaginal ultrasound to evaluate the endometrium and / or using transcervical aspiration endometrial biopsy. When the endometrium is evaluated promptly in response to new symptoms, diagnosis is also usually made in early stages. For this reason it remains difficult to prove a survival benefit for screening to diagnose endometrial cancer in a curable stage.
Most data regarding endometrial screening relate to post-menopausal women deemed to be at high risk due to epidemiologic risk, symptoms, previous cancer history or tamoxifene use. These data suggest that transvaginal sonography is a useful test to triage for further endometrial evaluation. Post-menopausal women with a regular endometrium measuring less than 4mm are extremely unlikely to have endometrial cancer. [73, 74] Less data are available for younger women, but in these women a regular endometrium up to 6mm thick, is regarded as normal [65] .
Hereditary non-polyposis colon cancer syndrome
Screening for endometrial cancer is indicated in women from a family at risk for or known to have HNPCC syndrome. If screening is limited to patients who fulfil the strict criteria or who are from families with known mutations, the screening programme will be more cost-effective and more cancers will be diagnosed. On the other hand many families will be missed if stricter criteria are used.
Such screening can start around the age of 30 years, should be annual and should continue for life or until hysterectomy. At present, neither ultrasound screening nor endometrial aspiration biopsy has demonstrated an ideal sensitivity and interval cancers occurred between screening visits [75] . Most cancers were diagnosed in symptomatic patients.
A reasonable screening approach for women from HNPCC families, seem to be transvaginal ultrasound evaluation, followed by endometrial biopsy in all women with an abnormal ultrasound, symptoms (abnormal bleeding or discharge), abnormal tumour markers and all women above the age of 40 years.
It is unknown to what extent uterine cancer screening will improve survival of this disease which is hardly ever fatal and tends to be symptomatic in early stages. All these patients need ovarian cancer prevention or screening as well, and the combination may render more useful results. This is of special importance when the high incidence of concurrent or synchronous ovarian and uterine cancer is taken into account (More than 20% of diagnosed ovarian cancer cases) [61] It is now known that patients who underwent risk-reducing surgery developed much less endometrial cancers than those who did not. What is not known is how screening would compare with preventive surgery in terms of morbidity and survival. [76] Hereditary breast and ovarian cancer syndrome Screening for uterine cancer in patients with BRCA mutations are not widely recommended, because of the relatively low risk for uterine cancer. In women with a family history that includes uterine cancers, the risk may be sufficient to warrant either screening for or prevention of uterine cancers. Long term use of tamoxifen is another risk factor of importance [77] . Again pelvic ultrasound at the time of ovarian cancer surveillance is indicated, and this includes the evaluation of the endometrium in view of the RR of around 2.5 for endometrial cancer.
SCREENING FOR OTHER GYNAECOLOGIC CANCERS
Non-epithelial ovarian tumours
Some uncommon genetic syndromes may cause an increased risk for nonepithelial cancer. The very uncommon Peutz-Jegher syndrome predispose to unusual variants of stromal tumours. Both benign and malignant teratomas have been described in families and can then occur bilaterally. Ovarian ultrasound screening will be indicated [71] .
Cervical cancer
The guidelines for population based cervical cancer screening should be followed by women with BRCA gene mutation. It is not known whether HPVbased screening is a safe approach for these women and current guidelines will include cytological evaluation.
Women with Peutz-Jeghers syndrome should also undergo regular cervical cancer screening in view of the described increased incidence of adenocarcinoma.
Uterine soft tissue tumours
Uterine size, outline and morphology can be assessed accurately using transvaginal ultrasound. Uterine soft tissue tumours can be seen early and accurately using this modality in combination with Doppler flow studies. Women on prolonged treatment with tamoxifen to prevent breast cancer should probably also have such screening [78] .
SCREENING FOR NON-GYNAECOLOGIC CANCERS
BREAST CANCER
Increased breast cancer surveillance aims to lower the mortality of breast cancer by lowering the size and stage of the tumor at the time of diagnosis. Extrapolating data from population screening programs, it is assumed that screening for breast cancer in high-risk individuals will also improve ultimate survival. Breast cancer screening is addressed in chapter 12.
COLON CANCER
Mortality due to HNPCC syndrome can be reduced by yearly colonoscopy in individuals diagnosed with the genetic defect [61] .
PREVENTIVE OPTIONS FOR GENETICALLY PREDISPOSED WOMEN
While cancer screening focuses on early detection and hope to reduce cancer mortality by down-staging, cancer prevention options hope to prevent the diagnosis of cancer and its treatment and disease related morbidity and mortality. Each of these risk-reducing strategies has an important place in the personalized management plan of women with inherited cancer predisposition. Screening cannot be discussed without the context of other risk-reducing options.
Medical and surgical gynaecologic cancer prevention options should be discussed with all patients, as well as the accuracy and place for screening options. The uptake of risk reduction advice varies widely and factors that influence behavior have been studied extensively and were reviewed recently [79] . Counseling and opinions of all encountered clinicians play important roles, as do genetic test results, parity, age, previous medical and family history.
Ovarian and fallopian tube cancer
Medical prevention
Oral contraceptives (OCs) reduce ovarian cancer risk moderately in the general population and probably also in BRCA positive women. Medical prevention is seldom prescribed due to the high uptake of risk-reducing surgery at age 40 years and the difficulty to draw conclusions regarding the influence of OCs on breast cancer risk [70] .
Surgical prevention
Removal of the complete fallopian tube and ovary with a segment of the ovarian vessels will reduce ovarian cancer risk by at least 90% [72, 50] . The complete surgical specimens should be thoroughly sectioned and examined for early or in-situ cancer. Occult or clinical primary cancer in both the ovaries and tubes as well as breast cancer metastases are not uncommon in this patient population [76, 47] . Peritoneal washings should be obtained and examined by cytology. It seems that previous reports overestimated the incidence of primary peritoneal carcinoma following preventative oophorectomy, possibly due to missed diagnosis of early or occult cancer at the time of surgery [48] . This surgery can be followed by hormone replacement in HBOC patients without apparent detrimental effect [80] .
Gonadectomy for ovarian cancer prevention in HBOC patients can be performed any time before the diagnosis of ovarian cancer has been made, but is best planned for around the age of 40 years [80] . Earlier oophorectomy is advised for breast cancer risk reduction and should be considered around the age of 35 years [81] .
Gonadectomy after the diagnosis of breast cancer will prevent subsequent primary ovarian cancer; help prevent second primary breast cancer as well as recurrence of disease [82, 83] .
In patients from HNPCC families, the ideal age for oophorectomy is unknown but it is usually recommended at the same age as hysterectomy [84] . Generally few women will develop uterine or ovarian cancer before the age of 35 years, and most women will agree to preventive surgery around the age of 40 years.
Uterine cancer
Medical prevention
High dose, long term and intra-uterine progestogen treatment are known to reduce endometrial cancer risk. In addition progestogens are known to reduce colon cancer risk and the intra-uterine progestogen containing IUS is not associated with an increase in breast cancer risk.
Surgical prevention
Hysterectomy is highly effective to reduce endometrial cancer risk and is the risk reduction strategy of choice in women diagnosed with HNPCC who have finished child-bearing. On the other hand a survival benefit for this strategy above screening has not been demonstrated.
Hystero-salpingo-oophorectomy should be offered to HNPCC women undergoing surgery for colon carcinoma. This will prevent ovarian metastasis as well as second primary gynaecologic malignancy.
Hysterectomy in HBOC syndrome should be discussed according to the individualized risk-benefit ratio [85] .
Breast cancer
Preventing breast cancer will have a stronger impact on ultimate survival than screening alone, but the measures needed are also inherently more invasive and more radical.
Medical prevention
Chemoprevention or hormonal prevention options include the use of tamoxifen and raloxifene prophylactic oophorectomy [81] . Worthwhile lifestyle adaptations include an increase in physical activity [86] , low fat diet and management of obesity.
Surgical prevention
Mastectomy is the most effective way to prevent breast cancer. Options include mastectomy rather than breast conservation after diagnosis of breast disease [87] , contra-lateral prophylactic mastectomy [62] and bilateral risk reducing mastectomy [88, 89] . The uptake of risk reducing options is highly variable [90, 91] as it is with ovarian carcinoma [92] . All these options are offered with reconstruction.
CONCLUSION
Genetic evaluation, counselling and testing is an essential part of modern medicine. This can be used together with models to estimate risk using clinical parameters [93] . Once cancer risk is identified and also "quantified", risk management becomes important. Active cancer prevention is the most effective way to prevent morbidity and premature cancer related death in women known to have mutations in the genes causing HBOC and HNPPC syndromes.
Many patients will postpone cancer prevention or will opt against preventive surgeries and will therefore request and / or need cancer screening. Cancer screening visits provide the ideal opportunity for on-going counselling and support. Screening should be intensive in patients at very high risk and any abnormal result must be followed up. Symptomatic patients need diagnostic tests rather than the routine screening approach.
Specialists who have an intimate knowledge and understanding of the field can best help their patients to make the correct decisions to protect themselves. Gynaecologists are uniquely positioned to help prevent deaths from hereditary cancer syndromes.
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PRACTISE POINTS
 Family history is an extremely important tool to recognize possible inherited cancer risk  Genetic tests should be used following comprehensive counseling to confirm inherited cancer risk  Some cancer phenotypes are strongly suggestive of cancer predisposition due to a germline mutation  Immunohistochemistry is an important tool to diagnose HNPCC families  Screening for endometrial and ovarian cancer has an important but limited role in women at high risk  Screening visits should be used to optimize cancer risk reduction and to plan the timing of possible preventative interventions Highly sensitive biochemical markers of early pre-neoplastic or neoplastic ovarian disease is needed
Biomarkers for endometrial neoplasia
